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FAILURE ANALYSIS OF THIN-FILM
AMORPHOUS-SILICON SOLAR-CELL MODULES
JET PROPULSION LABORATORY
Q. Kim
Failure Analysis

PuRPOSE

0 PROVIDE INFORMATION AKD DATA FOR APPROPRIATE CORRECTIVE ACTION THAT
CAN RESULT IN IMPROVEMENTS IN PRODUCT QUALITY AND RELIABILITY,

APPROACKES :
0 EXPAND EXISTING TECHNIOQUES AND CAPABILITY IN ORDER TO EVALUATE AND
CHARACTERIZE DEGRADATIONAL PERFORMANCE OF A~S! SOLAR CELLS.

0 [NVESTIGATE IN DEPTH MICROSCOPIC AND MACROSCOPIC DEFECTS AND FLAWS
THAT S1GMIFICANTLY CONTRIBUTE TO PERFORMANCE DEGRADATION.

0 DEVELOP NEW ANALYTICAL TECHNIQUES.
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State of the Art of «-Si Solar Cells

TABLE 1. PERFORMANCE OF BEST REPORTED S INGLE JUNCTION p-i-n
AMORPHOUS SILICON SOLAR CELLS

v J FF JFF. AREA
ot ¢ o 2
STRUCTURE mv  mAlcm % % cm
GLASS /TCO/p (a-SiC:H) = i - n (a-Si:H) IMe 10.1 1.9 RCA
p-i-n 836 16.17 66.0 9.2 0.05 ECD

GLASS /TCO/p (a-SIC:H) = | - n (a-SEHI/Me 845 13.03 4.0 Bl "o4 SANYO
GLASS/TCO/p (a-SIC:H) - | - n (a-SLHI/Me 380 .21 60.0 8.04 0,033 OSAKA
GLASS /TCO/p (a-SiC:H) = | - n (a-SLH)/Me 832 14.00 61.6 .81 109 RCA

fCO/n (mC-Si) - | - p (a-SEH)ISS 860 13.90 65.2 7.80 L20 FUJl
GLASS ITCO/p (a-SiC:H) - | - n (a-SkHI/Me 900 14,60 8.0 .62 009 SUMITOMO
TCO/n (mC-Si) - | = p (a-SiH}/SS 889 13.80 60.0 3% 009 TELJIN
TCO/n - | - p (a-Sk:H) /Me 839 13.80 64.0 1.40  0.06 S IEMENS
BEST INDIVIDUAL PARAMETERS 950 16.70 14.C (1L70)

» HIGH CONVERSION EFFICIENCY: 1.4 - 1L7%
o DIFFERENT DEVICE STRUCTURES: p-i-n
n-i-p

o DIFFERENT FABRICATION PROCESS: GLOW DISCHARGE
REACTIVE SPUTIERING
CHEMICAL VAPOR DEPOSITION

Solar Battery Charger (NC-AM1), Senyo Electric Co. Lt
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MODULE DEVELOPMENT AND ENGINEER!NG SCIENCES

Some Test Results
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PRACTICAL CONS 10FRAT
© LARGE DIFFERENCES IN 0 SUGCCESTS A NEED FOR AN IN-DEPTH EVALUATION OF
DEGRADATIONAL WECHANISMS

© MANY OF THE MECHANISMS ARE LIKELY TO BE PROCESS PARAMETER SENSITIVE ON
WHICH THERE 1S SOME LIMI TED INFORMATION

® EFFECT OF ENVIRONMENTAL STRESS ON OTHER MECHANISMS APPEAR 10 BE LESS
UNDERS 000

b59 . - e e

4

o,



&

Py, W,

oty e
st e A |

- i

o

o S B e

MODULE DEVELOPMENT AND ENG!* :RING SCIENCES

Amorphous-Silicon Solar Cell

o VERY SHORT DIFFUSION LENGTH ( < 1/ 1009 X C-Si)
o VERY HIGH ABSORPTION COEFFICIENT( > 10X C-Si)
o CARRIER TRANSPORT BY DRIFT
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FIGURE 2. ENERGY BAND DIAGRAM OF p-i-n JUNCTION

® OPTIMIZF ABSORPTION AND i-LAYER INTERNAL ELECTRIC
FIELD BY ADJUSTING THE THICKNESSES AND FILM
CHARACTERISTICS

Current Activity

0 INVESTIGATING DEGRANAT (UNAL MECHANISHS ON COMMERCIAL
A-S1 SOLAR CELL ¥FRODUCTS.

0 1HESE CELLS ARE TYPICALLY LOW EFFICIENCY BUT PROVIDE
AN OPPORTUNITY FOR CONTRIBUTING DIRECTLY TO THE
IMPROVEMENT OF COMMERCIAL TECHNOLOGY,

0 EXAMINING DEVICE STRUCTURES, AND OPTICAL AND ELECTRICAL
CHARAZTERISTICS,

r. PoLar1ZING MicroSCOPE, SEli, CURVE TRACER, SUN-U-LATOR,

SCLS, FTIR, CapaciTor BRIDGE, HiGH PRECISION ELECTRO-
METER, ELLIPSOMETRY, ETC.
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(a) (b)

FIGURE 3. SCLS IMAGE OF SAMPLE 7703-1 BY TWO DIFFERENT
MONOCHROMAT!C LIGHTS (4880A (a) AND 5145A (b))

e IT ALLOWS FOR NON-DESTRUCTIVE EVALUATION AND FAILURE ANALYSIS OF
ENTIRE SOLAR MODULE AS WELL AS INDIVIDUAL CELL

e IT MAKES IT POSSIBLE TO DISCRIMINATE BETWEEN ACTIVE AND PASS IVE
(COSMETIC) DEFECTS

® IT MAY PROVIDE MEANS FOR ABSTRACTING INFORMATION ON DIFFERENT
LAYERS OF THE THIN-FILM SOLAR CELL

661




ey

© oty e | 1.

TR -

< 3

R oY
AN TR
n«; s en

MODULE DEVELOPMENT AND ENG!NEERING SCIENCES

Future Plans for «-Si Soiar Cells

0 UrcraDE SCLS CAPA3ILITY TO PROBE PHOTOCURRENT RESPONSE IN
DIFFERENT LAYERS OF THE DEVICE.

0 EVALUATE AND CHARACTERIZE MODULE DEGRADATIONAL PHENGHENA IN
THIN-FILM AMORPHOUS SILICON SOLAR CELLS WITH PARTICULAR
EMPHASIS ON MICRO A%D MACROSCPPIC DEFECTS/FLAMS.

0 DEVELOP METHODS TO ANALYZE FAILURE MODES RESULTING FROM

DEGRADATION DUE TO ENVIRONMENTAL EFFECTS SUCH AS OPTICAL,
THERMAL, MECHANICAL AND MOiSTURE.
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